This paper is a short introduction to the common type of damages in composite structures and different ways of their inspection. Due to the high increase of interest in composite materials in past decades and their usage in different structures, there is a need to discuss the damage types in them along with different ways of inspection. This paper provides a short review of these facts in order to fill out the gap that there is in the literature. Major emphasis is placed on the damage types and their mechanisms and inspection methods, mostly focused on wave propagation based structural health monitoring (SHM).
Introduction
Composite materials are increasingly used in many industries including aerospace, automotive, electrical industries, etc. Composites can be defined as two or more materials combined to form a single material. The increasing interest in composites is due to their significant advantages over metals, such as light weight, corrosion resistance, design flexibility, high strength, better fatigue life, etc. Composites also show an advantage over metal in low-temperature refrigeration systems [1] [2] and even in cryogenic environment. There are a few concerns which restrict the wider usage of composites: higher cost, complex fabrication, damage inspection, complex damage mechanism, etc. In general, composites can be categorized as fiber-reinforced and particle-reinforced [3] . Here the discussion is about fiber-reinforced composites.
As mentioned, composites have been used widely by different industries and more specifically in aerospace industries in past decades. Figure 1 has shown the increasing usage rate of composites in past four decades in aerospace industry [4] , including the infrastructural installations which can affect the behavior of the electrical system by inducing harmonics as they role in insulations [5] or by affecting the internal electrical grid when used in the generators [6] . It is clear that the percentage of composites in aircraft designs is increased to more than 50%. As an example, the extensive application of composites to the manufacturing and design of the A350-XWB, contributes to an almost 25% reduction in fuels consumption [7] .
The greatest advantage of using composite materials is their ability to be tailored to design requirements. The structure can be made stiffer in one direction and more flexible in another. This implies that the structure can be designed to be exactly as strong and stiff as it needs to be, leading to improved structural weight, aero elasticity and ultimately fuel efficiency. Figure 2 illustrates the material distribution on the Boeing 787 [8] .
In this paper, the common damage types in composites and different methods to inspect them are discussed shortly. In the next section, the damage mechanisms 
Damage Types in Composites
Damage mechanisms in composites are not as well understood as metals. Defects can be happen in composite materials and structures during the manufacturing process or in the service life of the structure/part/component.
The manufacturing process has a wide range of potential for causing defects in composites. The most common one is porosity which is the presence of a void in the matrix. The porosity can be caused by incorrect or non-optimal curing parameters ( Figure 3 ) [9] . Inclusion of foreign bodies in matrix is another defect which happens during the manufacturing process which ranges from backing film to a greasy finger marks.
In service defects in composite structures, mostly happens due to impact damages. The most common defect due to the impact is delamination. In a laminated composite, delamination is separated layers, to form a mica-like structure with a significant loss in mechanical properties ( Figure 4 ) [10] . Delamination in curved composite beams under different static loadings has been investigated extensively by Khoshravan et al. [11] . Matrix crack, fiber-matrix debonding, and fiber breakage also happen during the impact or other kind of severe loadings in composites. Figure 5 illustrates these phenomena in composite structures [12] [13] [14] .
Other than impact, fatigue and lightning strikes can cause severe damages to composite structures and significantly reduce their mechanical properties. It is worth to mention that ply orientation of composite laminates has a significant role in stress concentration, fatigue life and mechanical properties of laminates [15] property that might not be observable by simply inspecting the composite. This physical phenomenon has also, some practical implications that can be utilized in various high speed applications [21] .
Damage Detection in Composites
In [29] . This method is the most suitable method for complex structures. In this method, the whole part is divided to small pixels and a sensor is attached to each pixel. The acquired signal at each pixel is used to reconstruct a picture of the structure. In order to acquire a high resolution picture of the structure, a high number of sensors must be attached to the structure which means that it increase the need of instrumentation and also it make it very time consuming.
Another method which has been introduced by Zhao et al. [30] is RAPID.
RAPID is a reconstruction algorithm for the probabilistic inspection of defects.
They tested a wing panel to find the damage location. Their results indicate that RAPID is capable of detecting the presence of the damage and find its location.
Cross-correlation method introduced by Veidt [31] is a method which uses the cross-correlation as the signal processing part. They used the envelopes of residual signal and excitation signal to perform the cross-correlation and calculate the damage index (DI) for each point on the plate. The highest DI shows the damage location.
Delay-and-sum method is based on the residual signal which is calculated by subtracting the baseline data from the current state data [32] . They used the Hilbert transform in order to find the wave travel time from actuator to the damage and scatter to sensors. Their method shows a high precision in localizing the damage.
Windowed Energy Arrival Method (WEAM) is first introduced by Sharif Kho-daei et al. [33] . Their work is based on the delay-and-sum method with few modifications. They applied a weight with a lognormal distribution on the results in order to avoid the boundary reflections and improve the damage detection results.
All of the listed SHM methods need a baseline data to be compared to real time data from sensors. Most reliable method to obtain the baseline data is experimental tests. and complex fracture behavior of fiber reinforced composite beams is investigated using micropolar peridynamics by Yaghoobi and Chorzepa [41] . Another alternative way is using spectral finite elements method (SFEM). SFEM was popularized first by Doyle [42] using Fourier based SFEM (FSFEM) and proved to be computationally very efficient compared to FEM. Later on other researchers
introduced new methods such as wavelet spectral finite element (WSFE) [43] .
The major drawback of SFEM is in the modeling of realistic structures and complex features.
Khalili et al. [44] [45] introduced WSFE-based UEL for 1-D composite beams in order to overcome the drawback of WSFE in modeling complex features. They improved their methods to simulate delamination in composite beams [46] . Later on, they developed WSFE-based UEL to simulate 2-D composite structures [47] [48]. Their works show that WSFE-based UEL has the computational efficiency of WSFE along with the ability of modeling realistic structures. These newly developed elements have a very high potential to be employed to make the baseline data for SHM purposes as it has been proved in their latest paper [49] .
In addition to the previous methods, the frequency response functions coupled with machine learning techniques are of great importance in damage detection of composites and other complex structures [50] . In 
Conclusion
There is an increasing interest in composites in different industries due to their advantages to other engineering materials. However, because the damage mechanism in composites is not as well understood as metals; there is a resistance as well.
In this paper, different damages and their inspection methods were discussed.
Porosity, delamination, matrix crack, fiber breakage and fiber-matrix debond are among the most common damages in composites. These damages can be happen during the life time due to severe loading or because of manufacturing process.
Due to the anisotropic nature of composites, detecting the possible damages has its own difficulties which have been discussed in the text.
